Background: Cerebrospinal fluid (CSF) is commonly acquired in dogs with intervertebral disk
Intervertebral disk herniation (IVDH) occurs in both the cervical and thoracolumbar vertebral column and is a common cause of spinal cord injury (SCI) in dogs. 1 In IVDH, compressive/contusive SCI is believed to result in a complex cascade of secondary mechanisms, including vascular disturbance, oxidative stress, excitotoxicity, and inflammation. [2] [3] [4] [5] The inflammatory cell infiltrate in SCI has been well characterized in several species. 6 Blood-spinal cord barrier disruption and associated innate inflammatory events occur within hours of SCI and cause neutrophilic diapedesis and microglial activation. 6 In the days and weeks after SCI, adaptive immune responses are initiated due to exposure of self antigens, and may cause lymphocytic and mononuclear cell infiltration within injured parenchyma. 6 In people and veterinary species, cerebrospinal fluid (CSF) analysis has been proposed as a minimally invasive method to assess inflammatory responses following SCI. [7] [8] [9] Small studies with populations of 35-72 dogs have suggested that following thoracolumbar IVDH, 12.5-54% of cisternal CSF samples have an increased total nucleated cell count (TNCC), and often neutrophils are identified as the predominant cell type. [9] [10] [11] [12] In a large retrospective study of dogs with thoracolumbar IVDH (n=312), lumbar CSF pleocytosis was identified in 61% of samples, and lymphocytes were the most frequently reported predominant cell type. 13 The presence of CSF pleocytosis in dogs with thoracolumbar IVDH is associated with behavioral measures of SCI severity at the time of sampling. [12] [13] [14] Two previous studies have examined relationships between cisternal CSF pleocytosis and functional outcome in IVDH, with one report indicating that long-term ambulatory status was related to CSF TNCC at the time of SCI. 12, 14 Magnetic resonance imaging (MRI) T2 weighted (T2W) sequences are increasingly being utilized as an alternative means to assess SCI severity, as hyperintensity has been associated with histologic features of SCI, impaired sensory and motor function, and poor motor outcomes in dogs with 3 thoracolumbar IVDH; to date, relationships between CSF inflammatory responses and MRI T2W
spinal cord signal have not been assessed in dogs with IVDH. 15, 16 Finally, it remains unclear as to whether cisternal CSF microprotein and TNCC in IVDH-associated SCI differs from other diseases of the spinal cord and could be used to differentiate etiologies. 17 The retrospective study reported here was designed to describe cisternal CSF variables in a large population of dogs with IVDH-associated SCI, and to estimate relationships between CSF [18] [19] [20] In dogs with IVDH, lesions were classified as cervical when affecting disk spaces between C2 and T1 and thoracolumbar when affecting disk spaces between T1 and L7.
Materials and Methods

Animal Selection
Neurologic dysfunction was classified at admission, discharge from the hospital, and 42 day post-admission during an in-hospital recheck using the modified Frankel score (MFS). The MFS grades dysfunction as: paraplegia/tetraplegia with no deep nociception (grade 0), paraplegia/tetraplegia with no superficial nociception (grade 1), paraplegia/tetraplegia with intact nociception (grade 2), non-ambulatory paraparesis/tetraparesis and ataxia (grade 3), ambulatory paraparesis/tetraparesis and ataxia (grade 4), spinal hyperesthesia only (grade 5), or no dysfunction (grade 6). 21 Dogs were considered ambulatory if they walked without assistance at either discharge or 42 day recheck evaluation.
5
CSF Collection and Analysis
Cerebellomedullary CSF samples were collected with 1. 
Statistical Analysis
Data were presented as median and interquartile ranges (IQR) because the normality assumption was violated for some variables. Categorical data were reported as proportions with 95% mid-p adjusted exact confidence intervals (CI). 24 Frequencies were compared among treatment groups using chi-square tests. Quantitative data were compared using Kruskal-Wallis tests when the number of groups was 3, and Mann-Whitney U tests for 2 groups. Bonferroni 
Discussion
Cisternal CSF characteristics in dogs with thoracolumbar and cervical IVDH in the present study were similar to smaller populations that have been previously described. [10] [11] [12] 14 In general, TNCC was low, RBC count was only subtly elevated, CSF microprotein concentrations approximated reference range concentrations, and Pandy's reaction was usually negative. In dogs with thoracolumbar IVDH, the proportion of animals with pleocytosis was lower than has been previously described in dogs when CSF was obtained from the lumbar cistern (30.9% versus 61%). 13 Likewise, in contrast to a previous study 13 RBC count and TNCC were correlated with SCI severity independent of injury duration. 7 SCI severity is likely related to these CSF variables as they may reflect pathomechanisms associated with neurotrauma. For example, CSF RBC count in people with SCI is speculated to suggest injury-related subarachnoid hemorrhage. 7, 25 Likewise, elevations in CSF microprotein 16 concentration may reflect disruption of the blood-spinal cord barrier, which is critical to exacerbation of early secondary SCI in rodent models. 26, 27 Duration of SCI at the time of CSF acquisition was negatively correlated to TNCC, RBC count, and percent neutrophils in dogs with cervical and thoracolumbar IVDH. In people with traumatic SCI, CSF TNCC and RBC count decline with time independent of injury severity. 7 While the exact mechanisms for this shift in cell concentrations are unknown, in neurotrauma models parenchymal RBC are phagocytized within days of SCI and secondary inflammatory mechanisms abate in a time-dependent manner. 7, 25, 28, 29 In the present study, percent neutrophils in dogs with thoracolumbar and cervical IVDH decreased with increasing duration of SCI. In the CSF and parenchyma of people with traumatic SCI, neutrophils are the predominant inflammatory cells for the first several days following injury. 7, 29 The predominance of neutrophils early after SCI may be due to innate immune responses to injury including microglial activation, IL-8 release, and blood-spinal cord barrier disruption. 7, 29 The duration of SCI was positively related to the percentage CSF large mononuclear cells in dogs with thoracolumbar IVDH and the percentage of CSF lymphocytes in dogs with cervical IVDH. In a previous study of dogs with IVDH, lymphocytic pleocytosis was associated with longer SCI duration. 13 People with traumatic SCI have cellular infiltrates that are largely macrophages in the days to weeks after SCI, whereas CD8+ lymphocytes become more numerous weeks to months after neurotrauma. 29 The present study is the first to show that various CSF measurements in dogs with thoracolumbar and cervical IVDH correlate with the presence of spinal cord T2W hyperintensity. originating from a tertiary care facility compared to one from an institution that functions as a general referral hospital. By acquiring a large dataset and stratifying dogs based on clinical severity, these limitations may have been mitigated. Importantly, all CSF samples included in this study were acquired at the cisterna magna. While data suggest that in dogs with neurological disease samples acquired at the lumbar cistern are more likely to have abnormalities, cisternal CSF acquisition is standard at our institution as RBC contamination is less common and sample volume in small dogs is believed to be more robust. 36 Finally, dogs with other diagnoses that varied in pathogenesis were grouped for certain aspects of analysis. As CSF characteristics are likely different in diseases that might induce inflammation (myelitis) 20 compared to other etiologies, it may not be appropriate to generalize these finding. However, the sample size of various other diagnoses was small, which prohibited comparisons between specific etiologies and IVDH. Additionally, inferences made concerning diagnostic accuracy when comparing IVDH to a particular etiology may not be relevant due to the possibility that any of the other diagnoses could be seen clinically; thus, an analysis assessing the diagnostic accuracy of CSF to differentiate IVDH from myelitis would likely yield inflated results.
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